Makarenko d.
introduction
Any modern structure includes parts that combine various materials and metal alloys. Owing to this combination, it is often possible to increase the reliability of the structure as a whole and to optimize the performance parameters of its component nodes. So, one of the types of used materials are composite materials, which allow to ensure maximum performance characteristics with minimal weight of the structure.
In this work, the dispersion-strengthened berylliumbased composite materials are considered, which are widely used in many branches of the economy, for example, for the production of details of the designs of gliders of aircraft and helicopters, power units of some types of cars (including sports) and so on [1] . Most often, Al-Be systems are used for dispersion-strengthened composite materials (DSCM), because such alloys combine high plasticity of aluminum and strength properties of beryllium [2] [3] [4] [5] [6] .
The most effective beryllium hardeners are BeO oxide and Be 2 C carbide. The standard volume fraction of BeO is from 0.8 to 3 %. Investigations [7] found that the time resistance of the Be-BeO DSCM increases with the oxide content, while the strengthening efficiency increases with increasing temperature. The creep resistance and the longterm strength of Be-BeO composite materials at elevated temperatures are relatively small [3] . The use of beryllium carbide Be 2 C as a strengthening phase makes it possible to increase the 100-hr beryllium strength at 650 °C 3 times, and at 730 °C is more than 5 times.
By this time, the task of determining the berylliumbased DSCM parameters and modeling their properties for quality management during the creation, operation and disposal was not fully reflected in the studies. The study of the beryllium-based DSCM parameters will make it possible to single out their main significant parameters, to assess the starting point from which values of the studied parameters will have a significant impact on the requirements for such materials. This, in turn, will optimize the composition of these materials in terms of both operation and subsequent disposal.
the object of research and its technological audit
The object of research is the dependence of mechanical properties (yield strength and ultimate strength) on the beryllium-based DSCM on the parameters of their operation (temperature regime) and BeO content in the composition of the material. Such dependence can be established on the basis of technological audit of the process, which has the ultimate aim of constructing an analytical description based on the results of production experimental data, for example, in the form of regression equations. Taking into account that the description and investigation of the stationary region is of the greatest interest, it is necessary to choose the appropriate mathematical apparatus of investigation, which makes it possible to identify the presence of local extremes providing maximum values of the output variable, taking into account the constraints imposed by the conditions of the technological process. In this way, in particular, ridge analysis can be chosen. This method allows analyzing the received response surfaces and determining not only the tendency of the dependences of the material properties on the operation parameters and the characteristics of the material itself, but also to more accurately estimate the optimum values. The latter ISSN 2226-3780 is particularly advantageous from the point of view of optimizing the operation parameters of structures made from these materials, and also from the point of view of the process of their subsequent disposal.
the aim and objectives of research
The aim of research is determination the suboptimal values of technological regimes ensuring the optimal values of the yield strength and ultimate strength of a berylliumbased composite alloy, taking into account the limitations imposed on the technological process.
To achieve the aim, the following tasks are accomplished: 1. To conduct a ridge analysis of the response surface, which describes the influence of temperature and BeO content in composite materials on the yield strength and ultimate strength of DSCM.
2. Obtaining qualitative decisions regarding the nature of the influence of technological regimes on the yield strength and ultimate strength of these materials.
research of existing solutions of the problem
There are several ways to investigation of the properties of materials, which can be conditionally divided into: 1) analytical (use of various mathematical models, obtained on the basis of experimental data);
2) experimental (the use of various physical methods for investigation of the properties of materials).
Both types of research have their own advantages and disadvantages. Thus, experimental studies allow obtaining fairly accurate results, but they are labor-intensive and material-intensive. While analytical methods allow one to obtain results within a broader range that can't be achieved by experimental research. However, the disadvantage of these methods is that they are based on experimental values, which makes their application dependent on the accuracy of the performed experiments.
Various methods are used for the investigation of beryllium-based DSCM. Thus, in [8, 9] the properties of materials are investigated, in particular, on the basis of X-ray diffraction, which makes it possible to reveal differences in the density of materials and to determine their properties depending on the loads of various types.
In [10] [11] [12] , materials are investigated by the ab initio method, which although it is one of the most used, but does not always allow achieving accurate results, since it requires experimental verification.
In [13] , first-principles calculations based on the functional density theory are used to study the properties of materials.
In [14] , to investigate the properties of materials, optically stimulated luminescence is used, which makes it possible to detect differences in the density of the material.
In [15] , combined X-ray and optically stimulated luminescence methods are used for research.
In [16] , in addition to the effect of X-ray radiation, the characteristics of the secondary yield of the alloy electrons are also used for investigations.
In [17] , the isothermal decay method is used to determine the activation energy of the material.
In [18] , beryllium-based DSCM is studied by the method of constructing response surfaces using the central orthogonal composite plan.
Thus, the analysis of literature data shows that basically the properties of beryllium-based DSCM are carried out experimentally, and analytically they are not fully carried out, which makes the study relevant.
Methods of research
The mathematical models obtained in [18] 
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where х 1 , х 2 -the values of the input variables in the normalized form, associated with the natural values by the implementation of the procedure, which is given in [18] .
The obtained mathematical models describe a certain response surface in the factor space «BeO content -test temperature», which should be analyzed to find the optimal values of technological parameters. As such parameters -the essence of input variables -BeO content in the composite material, % (x 1 ) and temperature, °С (x 2 ) are chosen. The yield strength, MPa (y 1 ) and ultimate strength, MPa (y 2 ) are chosen as output variables.
The application of the solutions obtained in this way can be used to optimize the use of beryllium-based composite materials.
The graphic image of the response surface can be represented in accordance with the principles, which is given in [19] . To find the optimal technological regimes -the BeO content and the temperature -using the criterion of maximum of yield and ultimate strength limits, one can use the methods of comb analysis of the response surface described in [20] . And this, in turn, involves solving two problems: constructing a mathematical model of the «com-position-property» type and analyzing the resulting model for the purpose of analytical description of the response surface. If the first of these problems can be solved on the basis of artificial orthogonalization me thods [21, 22] , then it is proposed to use the ridge-analysis procedure to solve the second one. The latter allows to calculate the suboptimal values of the parameters x i for all output variables for which the composition-property type regression equations are constructed, and to determine the admissible ranges of the input variables x i , which satisfy the requirements at once for several output variables. That is, it is about compromise optimization.
The solution of the optimization problem in parametric form looks like this: 6. research results 6.1. results of investigation of response surfaces describing the mathematical model of the effect of temperature and Beo content in composite materials on the yield strength. Fig. 1 shows The graph of the dependence r(λ) for the range of eigenvalues [-30 ; 30], and in Fig. 2 dependence of the output variable on the radius of the cylinder introduced to find the boundary conditions and determine the position of the optimal point with the coordinates (х 1 * , х 2 * ) on the indicated boundary of the factor space. The resulting graphs make it possible to determine the suboptimal values of the input variables at the boundaries of the planning area, providing a maximum with allowance for the limits of the yield strength.
The solution of the equation A I − = λ 0 determines two values of the eigenvalues λ in the range −∞ < < +∞ λ , ensuring the optimal values of the output variable, namely: (Fig. 1) . This means that in the considered range only solutions related to the ridge line I is meaningful. Investigation of the character of the function (λ) in the considered range makes it possible to find the optimal values of the output variable and the values of the input variables providing it at the boundary of the investigated planning area. Fig. 2 shows that the optimum values of the yield strength are achieved in the range from 130 to 200 MPa. After analyzing Fig. 3 , it is possible to obtain a set of suboptimal values of the input variables providing optimal values of the yield strength. For example, such values are: t = 456 °C with BeO content of 1.35 % and t = 528 °C with BeO content of 1.08 %. 6.2. results of investigation of response surfaces describing the mathematical model of the effect of temperature and Beo content in composite materials on the ultimate strength. Fig. 4 shows the graph of the dependence r(λ) for the range of eigenvalues [-30; 30] , and in Fig. 5 dependence of the output variable on the radius of the cylinder introduced to find the boundary conditions and determine the position of the optimal point with the coordi nates (х 1 * , х 2 * ) on the indicated boundary of the factor space. (Fig. 4) . This means that in the considered range only solutions relevant to the ridge lines I and II, III are meaningful. Investigation of the character of the function y * (λ) in the two ranges of the input variable that have meaning in the given problem, located to the left of λ 1 and λ 2 , and in the middle between them, makes it possible to find the optimal values of the output variable and the values of the input variables at the boundary of investigated planning area. Fig. 5 shows that the optimum values of the ultimate strength are achieved in the range from 180 to 250 MPa. After analyzing Fig. 6 , it is possible to obtain a set of suboptimal values of the input variables providing the optimal values of the ultimate strength. For example, such values are: t = 384 °C with BeO content of 1.35 % and t = 326 °C with BeO content of 1.845 %.
sWot analysis of research results
Strengths. The strength of this research is that the obtained results allow to select the optimal performance characteristics of beryllium-based DSCM, which will ensure its maximum efficiency and at the same time reduce operating costs, which is economically advantageous. The application of this method of analysis allows to select the optimal values of the incoming variables (temperature and BeO content), which will ensure the optimal values of the ultimate strength and yield strength.
Weaknesses. The weak side of this research is the restrictions imposed in the process of data analysis, which does not allow to reveal absolutely all the optimal values.
Opportunities. The opportunities of this research are expansion of data analysis range, which will allow to identify a greater number of optimal values of the incoming variables and to expand the parameters of their variation during the manufacturing, operation and disposal of materials.
Threats. The threats of this research are associated with the risk of implementing the research results without conducting appropriate tests that would help identify possible inaccuracies in the model.
conclusions
1. Ridge analysis of the response surfaces describing the effect of temperature and BeO content in composite materials on the yield strength and ultimate strength of the DSCM allows to select the values of the input variables (temperature and BeO content), which allow obtaining optimal values of the ultimate strength and yield stress. On the basis of this, it is concluded that it is possible to use the solutions obtained in the technological processes for the manufacture, operation and disposal of the beryllium-based DSCM.
2. Thus, it is found that the optimum values of the yield strength, corresponding to a range of values from 130 to 200 MPa, are achieved at t = 456 °C and BeO content of 1.35 %, as well as t = 528 °C and BeO content of 1.08 %.
The optimum values of the ultimate strength, corresponding to a range of values from 180 to 250 MPa are achieved at t = 384 °C and BeO content of 1.35 %, as well as t = 326 °C and BeO content of 1.845 %.
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